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Abstract 
Prior to construction, the simulation of the thermal behaviour of a building is mandatory in the Spanish Building 
Technical Code. However, there are few post-occupancy studies for buildings in use implying simulation. In this 
work, the simulation model developed at the design stage of a Passive Solar Building is fitted/calibrated from 
experimental measurements. In this work it is also developed a new methodology for simulation model fitting in the 
context of occupied buildings. A new aspect of the methodology is the link between the experimental design and the 
model to be fitted. This technique is useful in two ways. First, it allows assessing the relative impact of the a priori 
model parameter assumtions on the real situation. Second, it permits the quantification of  the energy demand 
reduction due to the Passive Strategies implemented. 
Results are presented for a Building located at Plataforma Solar de Almería (PSA) facilities, South Spain.  
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1. Introduction 
The Spanish Goverment is running an Strategic project called PSE-ARFRISOL (www.arfrisol.es). The 
objective is two-fold: demonstrate energy demand reduction through bioclimatic architecture and 
integration of solar cooling technologies. The project involves five 1000 m2 office buildings, spreaded 
over representative Spanish climatic conditions. 
For this study a building located at the Plataforma Solar de Almería (PSA) facilities at the South East 
of Spain (37º 05’ 28’’ N, 2º 21’ 19’’ W) has been selected. The climatic conditions are those of a semi-
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arid zone with high daily thermal oscillations, hot and dry summers and cold winters. The building is an 
East-West axis longitudinal 1110 m2 ground level construction. Under such conditions, thermal inertia, 
solar control and night ventilation are indicated as favorable passive strategies. At the design stage 
dynamic simulation software was used to optimize energy demand. Simulation model was implemented 
in TRNSYS 16.1 [1], feeded with a climatic file generated from long-term series obtained at the PSA 
facilities [2]. Parameters such as ventilation and infiltration rates or ground reflectance were obtained 
from Spanish Technical Codes and literature reviews. Reindtl model [3] was assumed for the calculation 
of the incidence of solar radiation on tilted surfaces and usual assumptions were made to model ground 
temperature below the building. 
High thermal inertia south façades, low-emisitivy doble glazing, shadowing structures (including 
BIPV overhangs) and night ventilation were included in the building after simulation studies. In order to 
favor architectural integration a double wing structure was designed to allocate solar collectors and solar 
chimneys. Rooftop shading in summer is also provided form such structure. Heat from solar collector is 
used for space heating and cooling trough radiant floor systems, assisted by air conditioning. Other 
elements such as air to earth heat exchanger (buried pipes) and radiant coolers were also included. Figure 
1 show the constructed building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) aerial view of the building under study, (b) south façade view of the building 
 
The outline of this paper is as follows. In section two the basis for the experimental design and setup 
are provided. Representative rooms were selected in order to minimize cost installation. Studies related to 
the feasibility of this approximation are also provided. Performance of the simulation model employed is 
addressed in section three and a diagnosis method is employed to assess the deficiencies encountered. 
Building dynamics effective model estimation is covered in section four. This effective model is used to 
compare the original load calculation against the fitted model one. 
2. Experimental design and set-up 
Regarding simulation model calibration lot of work has been done in the past, mainly in test-cell 
environments, see [4] for a comprehensive state of the art. Most recent work has been done in the IEA-
SHC task 22 framework [5], where a methodology based on parameter space techniques was developed to 
deal with building model calibration issues [6]. Active parameters identification and free parameters 
estimation are the two main parts of the methodology. This methodology was applied in a case study 
consisting of a test-cell environment and indoor air temperature was used as the only output of the model 
[7]. 
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This work is a modification of the former methodology reported in IEA-SHC Task 22. In the following 
lines a summary of the main differences and benefits is presented: 
x Two different classes of active parameters are defined: μ-active (active in the mean) and σ-active 
(active in the variance). With this approach a multiobjective optimization scheme is directly allowed 
even with one single measurement. 
x Free parameters correlations are directly solved from the addition of more measurements: It is a 
multiouput experiment. 
x The experimental design is performed in a free running mode, so it can be applied in any free floating 
building. 
x An optimization procedure based on the differential evolution genetic algorithm is implemented. 
x Free floating identification allows for further steps in the parameter identification in the controlled 
operation mode of a building. 
This approach is shown for one of the selected rooms of the study case. 
2.1. Experimental design 
132 parameters are involved in the study case model. Those parameters define the geometrical, thermal 
and optical properties of the different materials involved in the construction. Not all the elements 
belonging to that parameter set are to be included in the sensitivity analysis. Geometrical properties of the 
room, such as window size and position are excluded since they are accessible by means of direct and 
accurate measurement. Other constructive materials such as waterproof films are also excluded since their 
influence on the thermal dynamics are considered to be negligible. Under those assumptions, only 41 
parameters are involved in the sensitivity analysis. 
The sensitivity analysis is performed under free running simulation for three variables as output: indoor 
air temperature (μair and σair), glass surface temperature (μglass and σglass) and indoor floor surface 
temperature (μfloor and σfloor). The resulting active parameters are presented marked in green in table 1. The 
activeness threshold for each parameter is the same as in Task 22. 
It can be seen that from the original 41 parameters, only 16 are active with respect to the mean or the 
variance for some output variable. In fact, one parameter can be active only for one variable. For example, 
the Polyuretane thickness of the exterior wall influences only to the mean of the indoor air temperature. It 
should also be noticed that glass temperature and indoor floor temperature do not add new active 
parameters with respect to those related to the indoor air temperature. As stated in previous works, having 
active parameters in a model is a necessary condition for experimental checkout, but it is not a sufficient 
one. Correlations among different parameters should also be addressed. When this is done, it can be seen 
that parameters show a high degree of correlation. For simplicity, the correlation matrices are not 
presented in this work. 
 One possible solution to this problem is to perform a clustering in the active parameters set based on 
physical principles. For example, related to the indoor air temperature mean polyuretane thickness and 
conductivity of the exterior wall are active and correlated parameters. However, they are related to the 
same physical concept: thermal resistance of the external wall insulation layer. Under these assumptions, 
one of them can be neglected without losing generality. Correlation is still present even after performing 
this operation. In fact, if only indoor air temperature is selected as output variable it can be seen that there 
are more correlations than degrees of freedom for fitting the model (μ and σ in this case). It should also be 
noticed at this point that ground temperature below the building can be measured, so this parameter can be 
excluded from the analysis. 
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Table 1. Active parameter identification for the simulation model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Previous work dealt with this problem by means of a new mathematical clustering based on Principal 
Component Analysis. However, under those assumptions reliable information on the parameters is lost. In 
this work new degrees of freedom are added to complete the balance between variables and correlations 
through new measurements. Concretely, indoor glass temperature and indoor surface temperature are 
enough to fulfill the balance. 
2.2. Experimental set-up 
Representative rooms have been selected for the study, as can be seen in figure 2. It should be noticed 
at this point that the experimental set-up has not only been design for this purpose as can be seen in [9]. 
The experimental set-up includes the following measurements: 
x Indoors: Indoors air temperature and humidity, glass surface temperature, floor surface temperature, 
state of windows and doors (closed/not closed), lighting systems and appliances power consumption. 
x Outdoors: Air temperature and humidity, Global Solar radiation in different orientations, Infrared 
radiation, Wind speed and direction. 
x Additional measurements: Energy delivery subsystems, indoors and outdoors CO2 air concentration, 
temperature of the ground below the building at several points and depths. 
 
 
Parameter μair σair μglass σglass μfloor σfloor
Polyuretane thickness -0.14 0.06 -0.09 0.04 -0.08 0.03
Polyuretane conductivity 0.14 0.06 0.09 0.04 0.08 0.03
Back convection -0.12 0.04 -0.08 0.02 -0.07 0.02
Back absortivity 0.31 0.08 0.21 0.06 0.18 0.05
Concrete conductivity -0.50 0.28 -0.34 0.19 -0.58 0.33
Sand thickness 0.31 0.17 0.21 0.12 0.36 0.20
Sand conductivity -0.69 0.39 -0.47 0.26 -0.80 0.45
Front convection -0.52 0.33 -0.35 0.21 0.10 0.08
Mortar thickness -0.05 0.13 -0.03 0.09 -0.03 0.08
Mortar capacity 0.01 0.11 0.01 0.07 0.01 0.06
Mortar density 0.01 0.11 0.01 0.07 0.01 0.06
Polyestyrene thickness -0.61 0.45 -0.41 0.30 -0.36 0.27
Back convection -0.45 0.18 -0.30 0.12 -0.27 0.11
Back absortivity 1.09 0.37 0.74 0.25 0.65 0.22
Infiltration -0.03 0.45 -0.02 0.26 -0.02 0.23
Ground temperature 10.01 0.41 6.74 0.28 11.52 0.34
FFloor
CCeiling
OO
ther
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Fig. 2. Rooms selected for the study
All the measurement chain elements have been chosen to produce high quality data. The global
uncertainty associated to indoors air temperature is 0.5 ºC according to [10]. Additionally, personalized
data acquisition software has been developed in order to get a universal platform for building
measurement. Details are shown in [11].
Representativeness is an issue, since the whole building assessment is based on sampled rooms. This is
considered in three ways: by means of the operation of the building (Thermal Comfort Analysis), the 
homogeneity of the fabric (Infrared imaging techniques) and operation point with respect to the rest of the
offices. Infrared imaging for the south wall showed no significant differences among different offices.
Figure 3 shows a sample image taken at noon, February. From the operational point of view it has been 
checked that the rooms selected are inside the ISO 7730 standards.
Fig. 3. South façade infrared image of the building under study
A Principal Components Analysis has been performed for the indoor air temperature of all the rooms
in the building to assess if  operation of the selected rooms is similar to the rest of the offices. Additional
indoor air temperature data for the rest of the rooms were collected through wireless temperature sensors. 
Graphical results for the different components are shown in figure 4. It can be seen that the first
component (C1, left axis) is dominant for all the rooms except Coffee room (Des) and auditorium (Audit). 
For those rooms second and third component shown a higher value and the forth is near zero (C2, C3 and 
 Ricardo Enríquez et al. /  Energy Procedia  30 ( 2012 )  580 – 589 585
0.0
0.2
0.4
0.6
0.8
1.0
1.2
d_
1
d_
2
d_
3
d_
4
d_
6
d_
7
d_
8
d_
9
d_
10
d_
12
d_
13
d_
14
d_
15
d_
16
d_
17
d_
18
B
ec
D
es
A
ud
it
R
eu
n
Room name
Co
m
po
n
en
t v
al
ue
0.00
0.08
0.16
0.24
0.32
C1 C2 C3 C4
C4, right axis). It can be concluded that the ball room and the Coffee room exhibit a different indoor 
temperature pattern. This is due to the different occupancy rates for those rooms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Four first Principal Component Analysis for the different rooms in the building under study 
 
Then, it can be concluded that the rooms selected are representative enough for the whole building. 
Anyway, conclusions obtained from the study cannot be extrapolated to the Auditorium and the Coffee 
room. Nevertheless, these rooms represent only a few part of the total surface of the building, so the 
experimental set-up can be considered good enough to capture the building dynamics. 
 
3. Original model checking and diagnosis 
 
To check the validity of the original simulation model, external inputs need to be characterized. Those 
inputs are the infrared heat exchange with the sky, the ground reflectance (albedo) and the ground 
temperature below the building. The Spanish Building Technical Code [CTE] provides a value of 0.2 for 
the whole Spanish land. That value is far from reality in the Tabernas Desert. Measurements from an 
albedometer are available at the PSA facilities and are shown in figure 5 for some representative days 
across the year. It can be seen that albedo values depends on the radiation incidence angle and are 
asymmetrical around noon. Anyway, the values are far from the theoretical prescription (red line) and 
near 0.13. This mean value is used to calculate the solar global radiation on arbitrary tilted surfaces for 
the location under study. 
Regarding the fictive sky temperature, cloudiness factor is obtained from measurements of the 
horizontal pyrgeometer installed. 
Finally, ground temperature below the building is considered to be a semiinfinite solid under a surface 
periodic perturbation according to the Kusuda relationship [12]: 
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Fig. 5. Albedo measurements for the PSA facilities for several days across a year 
 
It has been checked that the 0.5 m depth temperature of the ground below the building is noisy due to 
the heat exchange with the building (especially when radiant floor is in operation). The 1 meter depth 
temperature follow the Kusuda relationship as it is shown in figure 6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Temperature at 1 m depth below the building and fitting to the Kusuda relationship for one year of operation 
 
Under all these circumstances, the original simulation model is executed for a free running period 
(summer 2009) and for one of the south-facing rooms. The facilities are closed during the holyday period, 
so free floating temperature is assured. HVAC and electrical systems off and closed door and windows 
are checked through the monitoring system. Predicted values for the original model differ by more than 
two Celsius degrees from the experimental ones, and are not shown in this work. 
It must be regarded at this point that internal parameters could differ of those of reality due, for 
example, to deficient manufacture. Active parameters can be estimated to fit the output variables, what is 
called free parameters estimation. To perform that operation a genetic algorithm has been implemented: 
Differential Evolution. The implementation has been done in the Matlab software environment, calling 
TRNSYS as an external oracle function. The chosen objective function has been a weighted scalar one, 
taking into account all the measures (μ and σ) and variables (indoor air temperature, glass surface 
temperature and indoor floor surface temperature). 
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Once the fitting has been performed, figure 7 shows the simulated and measured indoor air 
temperature for that period, together with the experimental uncertainty bands. It can be seen clearly that 
the simulated values are beyond the uncertainty bands, so the original model cannot be stated to be 
correct enough. It should also be pointed that if the measurement installation where less accurate (such as 
commercial monitoring systems for control purposes), the model would have been considered good 
enough at this stage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Indoor air temperature simulated and measured for the original model with free parameter estimation 
 
Once the optimization has been performed, a new set of parameters is obtained and shown in table 2. 
Parameter values can help to make a diagnostic to improve the model. It can be seen that exterior wall 
absortivity (yellow) is out of the physical validity range, suggesting solar radiation gain deficiency, 
confirmed by the high rooftop absorption coefficient. Taking into account this information the model is 
reformulated in the simplest way: avoiding shadowing in the rooftop and estimating again. Next section 
shows the results. 
 
4. Effective model results 
 
Table 2 shows the new parameters sets for the effective model, once optimization has been performed. 
Parameter values are now within nominal values and physical validity range. Simulated and measured 
indoor air temperature is plotted again in figure 8. Model can now be considered right, since predictions 
always fall inside the experimental uncertainty bands. In fact, by looking at the rooftop (figure 9) it can be 
noticed that the diagnostic was correct, since direct solar radiation reaches the rooftop. This is to be seen 
as a goodness of the methodology applied. 
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Parameter Nominal value Basic model fitting Effective model fitting
Polyuretane conductivity (kJ/hmK) 0.144 0.083 0.167
Back convection (kJ/hm2K) 4.000 0.198 5.082
Back absortivity 0.400 1.204 0.401
Floor concrete conductivity (kJ/hmK) 8.280 0.548 6.508
Mortar capacity (kJ/hkgK) 1.100 0.074 4.378
Insulation thickness (m) 0.040 0.069 0.052
Back convection (kJ/hm2K) 3.000 14.648 0.831
Back Absortivity 0.700 0.974 0.804
Infiltration rate (1/h) 0.600 0.154 0.131
Table 2. Parameter values for different estimation and models 
 
 
 
 
 
 
 
 
 
However, parameter values are beyond 10% from the nominal ones, so the model cannot be considered 
validated and for that reason it is called an effective model. By inspection of the parameter values a new 
diagnosis can be performed: modeling thermal bridges due to the rooftop prolongation as overhang or 
improving heat transfer with the ground modeling. However, to perform those operations new 
experimental design is needed, since the predictions of the effective model are already inside the 
uncertainty band. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Indoor air temperature simulated and measured for the effective model with free parameter estimation 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. View of the rooftop. Real double wing structure does not produce the desired shadowing 
 
Finally, if the effective model is used to estimate a new energy demand instead of the original one, 
differences of more than a 50% under the same assumptions are found. Detailed results are not presented 
in this work due to space restrictions. 
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5. Conclusions 
A new methodology has been presented for the energetic evaluation of real buildings based on 
simulation models. This methodology links the experimental design to the model to be proof and allows 
extending evaluation from test-cell environment to real buildings. The multioutput approach has been 
shown to be good enough to deal with correlations among parameters in the model. Different case studies 
are now needed to proof the universality of the method. 
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